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DEVELOPMENT OF A STABLE BETA TITANIUM ALLOY

ABSTRACT

Evaluation of ageable beta alloys Ti-17V-2Fe-2Co-3AI,
Ti-17V-7.5Co-3AI and Ti-8Mo-8V-5Co-3AI continued with room and

elevated temperature smooth and notched tensile tests, creep

stability, oxidation and stress-corrosion tests. Ti-17V-7.5Co-
3AI aged more rapidly than Ti-8Mo-8V-5Co-3AI; after aging for
8 hours at 900F, Ti-17V-7.5Co-3AI had a yield strength of 198,000
psi, whereas that of Ti-8Mo-8V-5Co-3AI was only 158,000 psi. In

smooth and notched tensile tests at 600F, Ti-17V-7.5Co-3AI dis-

played more strength than Ti-8Mo-8V-5Co-3AI because of its
faster aging response in a given time. However, in creep

stability tests and oxidation tests, Ti-8Mo-8V-5Co-3AI was
the better alloy. Stress corrosion tests performed upon all

five ageable beta alloys developed in this project showed that,
in the annealed condition, Ti-8Mo-8V-2Fe-3AI was the most re-
sistant to stress corrosion and Ti-17V-7.5Co-3AI and Ti-8Mo-

j 8V-5Co-3AI the most susceptible. "K,,j - , .
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I
IINTRODUCTION

The original object of this contract was to develop
stable-beta titanium alloys capable of being hardened to
useful combinations of strength and ductility. However, work
has indicated that while hardening could be achieved by addi-

tion of sparingly soluble elements, such as Si, the high
solution temperatures necessary to dissolve the compound
present in such alloys produced a large grain size and low
ductility. At the end of the first year's effort, the scope
of the contract was expanded to include two other types of
alloy: a non-hardening stable-beta alloy and a conventional
metastable beta alloy hardening by alpha precipitation. How-
ever, work during the second year showed that the two stable-
beta alloys selected for further investigation could not be
welded, and they were replaced by two "stabilized" alloys,
Ti-8Mo-8V-5Coo 3AI and Ti-17V-7.5Co-3AI.

This report details certain Phase III tests by which
the candidate alloys for Phase IV were evaluated. These
included room temperature and 600F smooth and notched tensile
tests, hardness, creep, oxidation and stress-corrosion tests.

I
i MATERIALS AND PROCEDURES

Procedures used for tensile, hardness, creep, oxidation
and stress-corrosion testing are identical to those described
in previous reports.(1- 9)

I
i RESULTS AND DISCUSSION

Age !!ardening Response of Ti-8Mo-SV 5Co-3AI
and Ti-17V-7.5Co-3A1

I To determine the aging response of Ti-8Mo--8V-5Co-3Al
*' and Ti 17V 7.5Co-3AI, samples were solution treated for 10

I
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minutes at 1500F, quenched, then aged at 800-950F for up to
24 hours. Vickers hardness readings were taken on the samples;
results are given in Tables I and II.

These show that at all aging temp-ratures employed,
Ti 17V-7.5Co-3AI had the faster aging response, with almost
a 100-point hardness increase after 8 hours at 900F. For a
similar aging time Ti-8Mo-8V-5Co-3AI had only a slight hardness
increase.

Room Temperature Tensile Tests

To determine the relative room temperature mechanical
properties of Ti-8Mo-5Co-3AI and Ti-17V-7o5Co-3AI, samples
of each alloy were prepared for testing in various conditions
of heat treatment. A uniform solution treatment of 1500F for
10 minutes was employed, terminated by water quenching. Samples
were then aged at temperatures of 800-100OF for times up to 24
hours. Results are given in Tables III and IV, and plots of
UTS against aging time for all aging temperatures are shown in
Figures 1 and 2.

These tables and figures show that Ti-17V-7.5Co 3AI
had the faster aging response at all aging temperatures
employed. After aging for 8 hours at 900F, this alloy had
an ultimate tensile strength of over 200,000 psi with a yield
strength of 197,000 psi. Given the same aging treatment,
Ti.-8Mo-8V-5Co-3Al had an ultimate tensile strength of only
160,000 psi with a yield strength of 158,000 psi. This
difference in aging response may be attributed to the greater
beta stabilizing power of Mo in Ti-8Mo-8V-5Co-3AI. However,
neither of these alloys confirmed previous igcations of
combining high strength with good ductility. With yield
strengths of 200,000 psi or more, uniform elongation was
0-3%, and total elongations ranged from 1-4%. Ti-17V-7.5Co-3AI
seemed especially prone to breakage outside the gage length.
Inspection of broken speciaiens eliminated variation of sheet
thickness as a prime cause of this behavior. Microexamination
was not helpful in providing an explanation.

To enable strength estimates to be made from hardness
measurements on these alloys, statistical correlations between
Vickers hardness values and ultimate tensile strengths were
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determined. Vickers hardness readings were obtained on 36
broken tensile samples of each alloy; to insure accuracy,
only tensile samples showing a yield stress and ultimate
tensile strength were used in the correlation. For the
purpose of the statistical calculations, Vickers hardness
was plotted as the independent variable and ultimate tensile1strength as the dependent variable and a linear regression
line assumed and plotted for each set of results. The method
of calculation is given by Brownlee. (10) For Ti-8Mo-8V-5Co 3AI
the relationship between Vickers hardness and ultimate tensile
strength was expressed by the following equation:

UTS,psi = (Vickers Hardness x 600) - 50,000,
and for Ti-17V-7.5Co-3AI:

UTS, psi = (Vickers Hardness x 585) - 51,500.

The slopes of these plots are practically identical, Figures
3 and 4, and Zm=4ar to the slopes previously obtained on
other alloys.'o,0

IConfidence limits of 95% were also plotted on Figures
3 and 4; the degree of scatter was somewhat less with Ti-
8Mo-8V- 5Co- 3AI.

600F Tensile Properties of Ti-17V-2Fe-2Co-3AI,
Ti-8Mo-8V-5Co-3AI and Ti-17V-7.5Co-3AI

To determine the elevated temperature properties of
these three alloys, samples were tensile tested at 600F after
solution treatment at 1500F and aging for 8 or 24 hours at
900F. Results are listed in Table V, and a comparison of
the room temperature yield strengths and 600F yield strengths
is given in Table VI. This shows the percentage of room
temperature yield strength retained at 600F. Two other ageable

* beta alloys previously reported, Ti-17V-4Fe-3AI and Ti-8Mo-
8V-2Fe-3AI are included fDr comparison.

Table VI indicates that the alloy retaining most
strength at 600F was Ti-17V-7.5Co-3AI, and the least,
Ti-8Mo-8V-5Co-3A1. Percentages of strength retained varied
from 73-88%, depending upon the alloy and heat treatment
condition.
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Creep Stability Tests

Following the 600F tensile tcsts of Ti-17V-2Fe-2Co-3AI,
Ti-8Mo-8V-5Co-3AI and Ti-17V-7.5Co-3A1, samples of these alloys
were subjected to creep tests. Specimens were solution treated
for 10 minutes at 1500F, quenched, then aged for either 8 or
24 hours at 900F. Exposure times of 150 hours at temperatures
of 600F were used; loads of 90% of the yield stress at 600F
were employed. Results are listed in Table VII.

These show that in both aged conditions Ti-8Mo-8V-5Co-3Al
had the least amount of deformatioll and Ti-17V-2Fe-2Co-3AI the
most. Subsequeut room temperature tensile tests indicated that
both Ti-8Mo 8V-5Co-3AI and Ti-I7V-7.5Co-3AI tended to break in
the head, outside the gage length. Metallographic examination
revealed that cracks existed around similar areas of intact
tensile samples.

Room Temperature and 600F Notch Tensile Tests

Notch tensile tests at room temperature and 600F were
performed on Ti-17V-2Fe-2Co-3AI, Ti-8Mo-8V85Co-3AI and Ti-
17V-7.Co--3AI using samples having a notch configuration of
KE-8 as shown in Figure 5. Samples were solution treated for
10 minutes at 1500F, then aged for both 8 and 24 hours at
900F. Results are detailed in Table VIII.

In room temperature tensile tests, both Ti-17V-2Fe-2Co-
3AI and Ti 8Mo-8V-5Co-3AI had higher values after aging for
24 hours, whereas Ti-17V-7.5Co-3AI showed a decline in notch
tensile strengths after 24 hours aging. However, Ti-8Mo-8V-
5Co-3AI had inferior notch tensile strengths, by comparison
with the two other alloys, in both aged conditions.

Notch tensile tests at 600F indicated that there was
little difference between Ti-17V-2Fe-2Co-3AI and Ti-8Mo-8V-
5Co-3A1, whereas Ti-17V-7o5Co-3AI displayed somewhat lower
strengths in both conditions of aging.

Room temperature ratios of notch tensile strength to
ultimate tensile strength were relatively low, being between
0.48 - 0.6; at 600F the ratios were higher, being between
0.74 - 1.10.

-i
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Oxidation Tests on Ageable Beta Alloys

To determine their relative resistance to oxidation,
samples of Ti-8Mo-8V-5Co-3AI and Ti-17V-7.5Co-3AI were
subjected to exposure for 2 hours at 1500F. Details of
the method used are the same as those previously described.(9)
Results are given in Table IX. These indicate that Ti-8Mo-
8V-5Co-3AI had the lower weight gain of the two alloys, with
an average increase of only 0.0041 gms/sq.cm. of surface area
after 2 hours at 1500F. As this result is comparable to that
of Ti-8Mo-8V-2Fe-3Al, previously obtained, it appears that the
presence of Mo in the alloy reduces the weight gain. To what
extent, if any, MoO3 is volatilized and lost during these tests
is not known.

Stress-Corrosion Tests

Stress -corrosion tests were carried out upon five
ageable beta alloys, developed in this project, in the solution
treated condition. Samples were solution treated for 10 minutes
at 1500F and then air cooled, and stressed by bending them to a
2T radius. Samples were then coated with salt and 9Fosed for
2 hours at 80OF in the manner previously described.\' For
comparison purposes, the commercial ageable beta alloy Ti-13V-
llCr-3Al was included in these tests. All salt-coated samples
broke upon reverse bending until flat. As the 2T bend may
have been too severe, fresh tests as above were performed

* using samples bent to a 6T radius. This time, control samples
were employed in the unexposed state, and also exposed for the
same length of time without a salt coating. Results, given in
Table X, indicate that under these conditions the best alloy
was Ti-8Mo-8V=2Fe-3Al, with Ti-17V-4Fe-3AI a close second.
The two alloys most susceptible to stress corrosion under
these conditions appeared to be Ti-SMo-8V-Co-3Al and Ti-
17V-7.5Co-3AI.

I
CONCLUSIONS

1. Hardness and room temperature tensile tests showed that

Ti-17V-7.SCo-3AI had a faster aging response than did
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Ti-8Mo.8V-5Co-3Al. After aging for 8 hours at 900F, the
ultimate and yield strengths of Ti-17V-7.5Co-3AI were 206,000
and 197,000 psi respectively, whereas those of Ti-8Mo-8V-5Co
3A1 were only 160,000 and 158,000 psi respectively.

2. Tensile tests at 600F on Ti-l7V-2Fe-2Co-3A!, Ti-8Mo-8V-SCo-3Al
and Ti-l7V- 7.5Co-3A1 indicated that, because of its faster
aging response, the latter alloy had the higher tensile strength,
especially after the 8 hour age at 900F.

3. Creep stability tests of 150 hours on the same three alloys
indicated that Ti-8Mo-8V-5Co-3AI had the lowest amount of
deformation. Subsequent room temperature tensile tests
suggested that both Ti-8Mo-8V5Co-3Al and Ti-17V-7.5Co-3AI
became notch sensitive.

4. Room temperature notch tensile tests on the above three
alloys showed that Ti-8Mo-8V-5Co-3AI had the lowest notch
tensile strengths after aging for either 8 or 24 hours at
900F; NTS/UTS ratios were low. In 600F notch tensile
tests,Ti-17V-7.5Co-3Al had the lowest strengths in both
conditions of aging.

5. Oxidation tests on Ti-17V-7.5Co-3AI and Ti-8Mo,8V-5Co-3AI
indicated that the latter alloy had the lowest weight gain
after exposure.

6. Stress-corrosion tests performed on the five ageable beta
alloys under consideration suggested that, in the annealed
condition and under the test conditions, Ti-8Mo-8V-2Fe-3AI
was most resistant to stress corrosion and Ti-8Mo-8V-5Co-
3AI and Ti-17V-7.5Co-3AI were the most susceptible.
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